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ABSTRACT  Ion transport  in  the  giant celled  marine  alga,  Valonia ventricosa, 
was  studied  during  internal  perfusion  and  short-circuiting  of  the  vacuole 
potential. The perfusing and bathing solutions were similar to natural  Valonia 
sap and contained the following concentrations of major ions: Na  51,  K  618, 
and  CI  652  mM.  The  average  short-circuit  current (Ise)  was 97 pEq/cm  2 see 
(inward  positive  current),  and  the  average  open-circuit  potential  difference 
(PD)  was  74  my  (vacuole positive  to  external  solution).  Perfused  and  short- 
circuited  ceils  showed  a  small  net  influx of Na  (2.0 pEq/cm  2 see)  and large 
net influxes of K  (80 pEq/cm  ~ see) and C1 (50 pEq/cm  2 see). Unidirectional K 
influx was  proportional  to  /so,  but  more  than  one-half of the  2".o remained 
unaccounted for.  Both the I.~ and PD  were  partly light-dependent,  declining 
rapidly during the first  1-2 min of darkness. Ouabain (5  X  10  4  M) had little 
effect on the influx of Na or K and had no effect on I,o or PD. Fluid was absorbed 
at a  rate of about 93  pliter/cm  ~ see.  Reversing the direction of fluid movement 
by adding mannitol to the outside solution had little effect on ion movements. 
The ionic and electrical properties of normal and perfused cells  of Valonia are 
compared. 
INTRODUCTION 
Since  1891  (30)  the  marine  alga  Valonia has  been  a  popular  organism  for 
studies of electrolyte transport  and  bioelectrical  phenomena.  Early work by 
Osterhout,  Blinks,  and  others  on  Valonia and  other  giant  celled  algae  pro- 
duced theories on the nature of protoplasmic surfaces and bioelectrical poten- 
tials and a model for membrane transport by means of carrier molecules (8-I0, 
32,  33).  More recent work on  Valonia has shown that this organism regulates 
its ionic contents by means of several ion pumps  (1,  21,  35).  An active extru- 
sion of Na  and  probably an  active uptake  of K  occur at the plasmalemma, 
whereas inward active transports of both Na and K  take place at the tonoplast 
(21). An unusual feature of Valonia is that the vacuole is electropositive to the 
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external  seawater  (4,  31,  34),  due  to  a  large  positive  potential  across  the 
tonoplast  (21, 41).  Valonia also differs from other vacuolated plant cells in the 
apparent  absence of active C1 uptake into the vacuole  (21). 
Intracellular  perfusion recently has become a valuable technique for study- 
ing ionic and electrical properties of plant and animal cells. This method was 
originated by Blinks (6), who perfused the vacuole of the marine alga Halicystis 
by means  of fused  parallel  capillaries.  Blount  and  Levedahl  (12)  modified 
Blinks's technique and performed a  short-circuit  analysis of Na and C1 trans- 
port  in  Halicystis.  Tazawa  and  Kishimoto  (23,  24,  39)  replaced  the  sap  of 
NiteUa  with  artificial  solutions  by  briefly  perfusing  the  vacuole.  Internal 
perfusion  of the squid giant  axon was accomplished  by Baker  et al.  (2)  and 
Tasaki et al.  (38). 
Early attempts  to perfuse the vacuole of Valonia were largely unsuccessful, 
because  the  sap  contained  a  small  amount  of  gelatinous  material  which 
clogged  the  perfusion  pipets  (6).  The  present  paper  describes a  method  for 
overcoming these difficulties and perfusing the vacuole of Valonia with artificial 
solutions. Fluxes of Na, K, and C1 between external solution and vacuole were 
measured during partial and complete short-circuiting of the vacuole potential 
by the method  of Ussing  and  Zerahn  (43).  Finally,  the  ionic  and  electrical 
properties of perfused and normal cells of Valonia are compared. 
METHODS 
Culture  Methods  Valonia  ventricosa, 0.8-1.5  cm  diameter,  were  shipped  by  air 
from Puerto Rico. The cells were kept in artificial seawater  (Utility Chemical Co., 
Paterson, N.J.)  of about 3.6 7o salinity to which phosphate,  nitrate,  and soft extract 
were added as prescribed by Keck (22).  The cells were illuminated 8-12 hr per day 
at about 2000 lux  (natural  daylight plus fluorescent lighting),  and  the temperature 
was 23°C  :~:  1  °C.  Valonia were kept under these conditions for several months,  but 
best results were obtained with cells used within 6 wk after arrival. 
Perfusion  The perfusion and bathing solution was I part artificial seawater and 
9 parts 0.67 M KC1. The concentrations of major ions (Na 51, K  618, and CI 652 mM) 
were similar to those in normal sap of V. ventricosa (Na 44, K  695,  C1 643  raM) (21). 
Most of the other ions in the perfusion solution, however, were not normal constitu- 
ents of Valonia sap (15). The pH of the artificial solution was 7.1-7.4, whereas the pH 
of normal sap was 6.0-6.4.  Cells perfused and bathed in this solution survived longer 
(up to 6 days) and gave higher potentials than cells perfused and bathed with various 
other artificial solutions which did not contain a portion of seawater. Valonia could not 
be  internally  perfused  with  100%  seawater  or  other  high  Na  solutions,  however, 
because  this  caused  disjunction  of the  protoplasm  and  formation  of aplanospores 
(25). 
The perfusion assembly is shown in Fig.  1. A  spherical  cell  about  1 cm diameter 
was placed in a  glass dish on the stage of a  dissecting microscope. Waterproof putty 
held the cell in place until after insertion of the pipets. Pipets were pulled from 1 mm j. GUTKNECHT Ion Fluxes and Short-Circuit Current in Valonia  ~823 
Pyrex  1 tubing and broken to give sharp beveled tips about 0.1  mm (inflow pipet) and 
0.3 mm (outflow pipet) diameter. The pipets were attached to the inflow and outflow 
reservoirs by  1 mm plastic tubing.  The  pipets and  tubing first were filled and  then 
clamped so that the cell would remain at least partly turgid after the initial puncture. 
By  means  of two  micromanipulators  the  outflow  pipet,  and  then  the  inflow  pipet, 
Ag-AgCI  ELECTRODE  KCI-AGAR  BRIDGE 
AMMETER  ~  RESERVOIR 
Fm~RE 1. 
i 
INFLOW  RESERVOIR 
VOLTMETER  ( 
OMEL ELECTRODE 
) 
Assembly for internal perfusion  and electrical measurements in single cells 
of Vatonia ventricosa. Not shown  are the micromanipulators holding the inflow and out- 
flow pipets and the dissecting  microscope supporting the cell chamber. 
were forced through  the  cell wall  (8-13  #  thick)  and  underlying  protoplasm (8-10 
#  thick)  (19)  into  the  vacuole  or  sap  cavity.  The  large  outflow  pipet  irreversibly 
damaged about 20 %  of the  cells,  but smaller pipets often became clogged with the 
gelantinous material in the sap. 
Perfusion was started after the cytoplasm had formed an electrically resistant seal 
around  the pipets, as indicated  by a  gradual  rise in the vacuole potential from near 
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zero to 20-50 mv. Gentle suction was applied frequently to the outflow tube until the 
vacuole was cleared of gelatinous material. Perfusion then was maintained by gravity 
with the inflow reservoir 30-50 cm above the cell chamber and  10-20 cm above the 
the outflow reservoir. The resulting hydrostatic pressure was only a small fraction of 
the normal turgor pressure in  Valonia (about 2 atmospheres). To check the extent of 
mixing in the  vacuole a  small  amount  of methylene blue was  sometimes added  to 
the inflow reservoir. The turnover time for vacuolar contents was 1  0-20 rain, depend- 
ing on the cell volume and flow rate. Ion flux measurements began about 4 hr after 
the initial puncture. Ceils were illuminated (about 4000 lux, "daylight" fluorescent), 
and the bath temperature was 24 -4-  1  °C. 
Electrical Measurements  The electrical circuits are shown in Fig.  1.  The potential 
difference  (PD) between  vacuole and  bathing  solution  was  measured  with  a  high 
impedance  voltmeter  (Keithley  model  600A  (Keithley  Instruments,  Cleveland, 
Ohio)).  The inflow reservoir and bathing solution were connected to the voltmeter 
by agar bridges (0.6 M KC1)  and calomel electrodes. The shunt circuit consisted of 
the  outflow pipet,  KCl-agar  bridges,  Ag-AgC1  electrodes,  battery,  voltage divider, 
and microammeter, as prescribed by Ussing and Zerahn (43). The resistances of the 
potential-measuring  circuit  and  shunt  circuit  were  about  400  and  200  kohm,  re- 
spectively. The high conductance of the solutions relative to the membrane conduct- 
ance of Valonla  permitted the  asymmetrical arrangement  of the  current electrodes. 
Errors due to flow potentials were also insignificant due to the high  conductance of 
the  artificial  sap.  The  normal  vacuole  potential  was  short-circuited  by  applying 
sufficient current to reduce the PD to zero. This short-circuit current (Ise),  as well as 
the open-circuit I'D, Was recorded at 5-10 rain intervals throughout each experiment. 
Occasional leaks around the pipets were detected microscopically and  electrically. 
Any serious leakage across  the protoplasm caused a  rapid  drop in the open-circuit 
potential to near zero. Furthermore, an undetected leak in short-circuited cells would 
not cause an appreciable net flux of ions across the protoplasm, because the electro- 
chemical potential gradient for all  ions was  approximately zero.  Finally,  an  upper 
limit for the possible  leak  flux of K  and  C1 would  be  equal  to the small  K  efflux 
observed in perfused and short-circuited cells (Table II). 
The PD across the plasmalemma was measured with glass microcapillary electrodes 
containing 1 ~t KC1 and having tip diameters of 1-3/~ and resistances of 3-16 meg- 
ohms. The plasmalemma eD was measured in young cells, 5--15 hr old and  100-300 
t~  in  diameter,  as  described  previously  (21).  These  cells  were  largely  protoplasm 
rather than vacuole, and their thin cell.walls offered little resistance to microelectrode 
penetration.  The  electrical  circuit was  identical  to  the  potential-measuring  circuit 
described above. 
Ion Flux Measurements  Ion fluxes between external solution and vacuole were 
measured with radioisotopes (2~Na, 42K, and ~CI) and conventional detectors (Baird- 
Atomic model  510  (Baird-Atomic,  Inc.,  Cambridge,  Mass.)  and  Nuclear  Chicago 
model  C-115  (Nuclear-Chicago Corp.,  Des  Plaines,  Ill.)).  Specific activities of the 
tracers were high enough to limit the increase in the stable ion  concentration to less 
than 1%. j.  GUTKNECHT  Ion Fluxes and Short-Circuit Current in  Valonia  I825 
To estimate the unidirectional influx of an ion, tracer was added to the bathing 
solution and the rate of appearance of radioactivity in the perfusate was measured. 
The perfnsate was collected at 15-30 min intervals starting 1-2 hr after clamping the 
vacuole potential at zero and adding tracer to the outside solution.  Unidirectional 
influx was calculated by the equation 
P, 
M~  =  tpo*A 
where Ms is the influx in mole/cm  ~  sec, P~ is the amount of radioactivity in the per- 
fusate collected  during the time interval t, po* is the specific activity of the outside 
solution, and A is the surface  area of the spherical cell. Ion efftux was estimated in a 
similar  manner, except that tracer was added to the inflow reservoir  and the rate of 
appearance of radioactivity in the outside solution was measured. This calculation 
TABLE  I 
CONCENTRATIONS  OF  Na,  K,  AND  C1  IN  ARTIFICIAL 
SAP  AND  IN  PROTOPLASM  OF  Valonia* 
Protoplasm 
Ion  Artificial  sap  Cells bathed ha artificial sap  Ceils  bathed in sCawate~r$ 
m ~r/liter  m ~t/kg waUr  m u/kg wa~ 
Na  514-I  (10)  224-3  (10)  404-2  (8) 
K  6184-1  (10)  5714-11  (10)  4344-9  (8) 
C1  6524-3  (10)  2774-13  (10)  1384-4  (8) 
* Mean, sv., and number of measurements in parentheses. 
:~ Data taken from Gutknecht  (21). 
assumes  that both the specific activity and total ion content of the cytoplasm were 
constant during the flux measurements. This assumption seems justified because the 
rate of tracer flux was fairly constant for five to nine consecutive  samples  during at 
least 2-4 hr and sometimes  more than 24 hr, whereas the estimated maximum half- 
times for exchange of cytoplasmic ions ranged from 0.5 to 1.7 hr. 
RESULTS 
Ion  Concentrations in  Protoplasm  and  Artificial  Sap  Protoplasm  was  col- 
lected and  ion  concentrations were measured as  described  previously  (21). 
Briefly, a large cell was cut in half and washed in cold, isosmotic, Tris-sulfate 
buffer, pH 7.8.  The protoplasm was scraped from the cell wall, collected in a 
capillary tube,  and  separated from the  buffer by centrifugation. Then  the 
protoplasmic fraction was weighed, recombined with the supernatant buffer, 
and  diluted with 0.I  N HNO3  to  a  volume suitable  for  analysis by flame 
photometry  (Na  and  K)  and  coulometric  titration  (C1).  The  samples  of 
protoplasm contained 60-65% chloroplasts (18). 
Table  I  gives the concentrations of Na,  K,  and  C1  in  the protoplasm of 18~6  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  • VOLUME  5  °  •  1967 
Valonia bathed either in sea water or for 4.5 hr in artificial sap. The cells were 
not internally perfused or short-circuited. The exposure time of 4-5  hr was 
estimated from the volume of protoplasm and the ion fluxes to be long enough 
to allow protoplasmic ion concentrations to reach a  steady state. Exposure to 
artificial sap resulted in a decrease in the Na concentration from 40 to 22 mM 
and an increase in the K  concentration from 434  to 571  mM and in  the C1 
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FmuRE 2.  Effect  of illumination (4000  lux)  on  short-circuit current  (I6~) and open- 
circuit potential (PD) in an internally perfused cell of Valonia ventricosa. 
concentration from 138 to 277 mM. The low Na and fairly low C1 concentra- 
tions suggest that samples of protoplasm were not highly contaminated with 
either seawater or sap. 
Short-Circuit  Current,  Potential  Difference,  and Resistance  The short-circuit 
current (I,0)  in perfused Valonia was 97  4-  12 pEq/cm  ~  sec (33 cells), or about 
9.4  ~amp/cm  2.  (Results  are  expressed  in  the  sequence:  mean,  s~,  and  the 
number of measurements in parentheses.) The open-circuit PD was  +74  4-  6 
mv  (33  cells), vacuole positive to outside solution.  Several cells which gave 
PD'S of less than  +30 my were not included in the results.  Both the I,~ and 
PD  were  partly light-dependent, falling rapidly during the first  1-2  min  of 
darkness and rising gradually during subsequent illumination (Fig.  2).  The j.  GUTKNECHT  Ion Fluxes and Short-Circuit Current in Valonia  1827 
sensitivity of the vacuole potential to light agrees with the early work of Marsh 
(29) on V. ventricosa, but differs from results on other algae; e.g., Halicystis (7), 
Nitella  (3),  and  Gracilaria (20),  in  which  the  vacuole  potential  was  rather 
insensitive to light.  The large PD displayed by  Valonia immersed in sap was 
observed first by Osterhout, Damon, and Jacques  (16, 34) and demonstrated 
surprisingly that a thin layer of protoplasm could be electrically asymmetrical. 
The plasrnalemma PD in young cells bathed in artificial sap for 0.5-6.5  hr 
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F~URE  3.  Relation  between  current and  voltage in  a  perfused  Valonia cell  before 
short-circuiting (A) and after short-circuiting 1-2 hr (B). 
was  +  17.8  4- 0.8 mv (30 cells), cytoplasm positive to external solution. This 
value differs greatly from the normal plasmalemma PD of --71  mv (21).  The 
plasmalemma PD in perfused Valonia could not be measured directly, because 
the cell wall was as thick as the underlying protoplasm and the cells were not 
turgid.  In  perfused but  not short-circuited cells  the  tonoplast  PD would  be 
about 56 my, cytoplasm negative to vacuole, i.e., the difference between the 
vacuole PD of 74 mv and the plasmalemma I'D of 18 my.  In short-circuited 
cells the cytoplasmic PD is probably between +  18 and  -56  my, but the final 
value will  depend on  the  relative  membrane resistances which are not yet 
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The  direct  current  resistance  of the  protoplasm  of  Valonia  perfused  and 
bathed with artificial  sap was 9.4  4-  1.4 kohm cm  2 (13 cells). The resistance 
was estimated from the slope of the current-voltage curve, which was approxi- 
mately linear  over the range  shown in Fig.  3.  Curve A  is the current-voltage 
relation for a cell perfused but not short-circuited,  and curve B is the current- 
voltage relation for the same cell after short-circuiting  for  1-2 hr.  The value 
of 9.4  kohm  cm  ~ for  the  resistance  of  Valonia  protoplasm  agrees  with  early 
measurements  of Blinks  (4)  on normal  cells of V.  ventricosa. The resistance  of 
Valonia protoplasm is one to two orders of magnitude greater than that of most 
animal epithelia, about one order of magnitude greater than that of the marine 
alga Halicystis (11 ), and about one-half the resistance of Nitella and Chara (44). 
Ion  Fluxes and Short-Circuit  Current  Fluxes  of Na,  K,  and  C1  across the 
protoplasm of perfused and short-circuited  Valonia are shown in Table II. All 
TABLE  II 
FLUXES  OF  Na,  K,  AND  CI  BETWEEN  EXTERNAL  SOLUTION  AND 
VACUOLE  OF  PERFUSED  AND  SHORT-CIRCUITED  Valonia* 
Ion  Influx  Etttux  Net influx 
pEq/on2 sec  pEq/cm  2 sec  pEq/crt~ sec 
Na  2.624-0.39  (3)  0.554-0.16  (3)  2.044-0.42 
K  85.24-29.0  (7)  5.204-2.40  (4)  80.04-29.0 
CI  76.7=t=11.0  (9)  27.24-4.9  (5)  49.54-12.0 
* Mean,  s~.,  and number  of cells in parentheses. 
three ions showed a  net influx, i.e., Na 2.0, K  80, and CA 50 pEq/cm2sec. The 
unidirectional  influxes  of Na  and  K  were  fairly  similar  to  the  influxes  in 
normal cells (21). Na and K  effluxes, however, were much smaller in perfused 
cells than  in normal cells. Both influx and  efflux of C1 in perfused and short- 
circuited  Valonia were several times larger than in normal cells. Unidirectional 
K  influx  was  proportional  to  the  I,o  (Fig.  4).  A  large  part  of the  Is°  was 
unaccounted  for,  however,  because the net influx of CA neutralized  much of 
the positive charge carried inward by Na and K  (Table II). 
The effects of a  constant  -t-40 mv Pn on Na, K, and C1 fluxes are shown in 
TaMe III.  The fluxes were measured in single cells with the PD clamped first 
at 0  my,  then  at  -t-40  mv,  or vice versa.  A  large  net influx  of K  and  small 
net influx of Na persisted in spite of the adverse electrical potential gradient. 
Another notable result was the large inhibition  of C1 efflux when the vacuole 
PD was  +40 mv. 
The effect of ouabain,  a  specific inhibitor  of Na and  K  transport  in many 
cells,  was  tested.  Influx  of Na  and  K  was  measured  before  and  after  the 
addition  of ouabain  (5  ×  10  .4  M)  tO  both the  perfusion  and  bathing  solu- J.  GUTKNECHT Ion Fluxes and Short-C,  ircuit Current in Valonia  ~829 
tions.  Na and K  influxes before the addition of ouabain were  2.8  4-  0. I  (7) 
and  64.7  4-  2.4  (6)  pEq/cm 2 sec.  Na  and  K  influxes after the  addition  of 
ouabain were  3.0  4-  0.2  (3)  and 52.0  4- 4.7  (7)  pEq/cm 2 sec.  The effect of 
ouabain on K  influx may be significant (p  <  0.05) but is considerably smaller 
than  the  effect of this  concentration  on  most  other  cells,  e.g.,  Nitdla  (26). 
Cation transport in the marine algae,  Ulva lactuca  and  Chaetomorpha darwinii, 
however,  is insensitive to ouabain  (13,  17).  Ouabain  had no effect on either 
1,0 or P9 in  V.  ventricosa. 
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Fiotrav,  4.  Relation  between  unidirectional  K  influx  and  short-circuit  current  in 
internally perfused cells of Valonia. Line is least squares regression, r  >  0.99, p  <  0.01. 
Vertical  and horizontal  bars represent  the sE of three to seven measurements made on 
each cell. 
Fluid Absorption  Fluid absorption was measured by a  calibrated micro- 
liter pipet attached to the outflow tube while the inflow tube was closed. The 
cells had  been  perfused  previously with artificial sap  but were  neither  per- 
fused nor short-circuited during these measurements.  Fluid was absorbed  at 
a  rate of 93  4-  15 pliter/cm  2  sec (six cells).  If the absorbed fluid was isosmotic 
to the perfusion and bathing solutions, its salt concentration would be about 
0.67 M. The rate of salt absorption, therefore, would be about 62 pM/cm ~  sec, 
which  is reasonably close  to  the observed  net influxes of K  and  CI  (Tables 
II and III). 
The possible effect of fluid absorption on ion movements was tested in one 
experiment.  C1  influx was measured before and after reversing the direction 
of fluid movement by adding mannitol  (50 raM/liter)  to the outside solution. I83o  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  5 °  .  1967 
The rates  of fluid absorption  before and  after the addition  of mannitol  were 
80  4-  8  (5)  and  -349  4-  19  (4)  pliter/cm  ~ sec,  respectively.  C1 influx  de- 
creased only slightly, however, from 131  4- 2 (6) to 125  4- 2 (5) pEq/cm 2 see 
after  the  addition  of mannitol  to  the  outside  solution.  Thus  the interaction 
between ion  movements and  water movements due  to simple  osmosis across 
the protoplasm of Valonia, on the basis of this single experiment,  appears to be 
small. 
Preliminary  data suggest that  the hydraulic  conductivity of Valonia proto- 
plasm is about  10  -7 cm/sec atm.  This value may be combined with the rate 
of increase in the osmotic pressure in the vacuole due to net salt influx (Tables 
II  and  III)  to  give  a  predicted  rate  of fluid  influx  by simple  osmosis.  The 
TABLE  III 
EFFECT  OF  VOLTAGE  CLAMPING  AT  +40  MV  ON  FLUXES 
OF  Na,  K,  AND  Ell  IN  PERFUSED  Valonia* 
Ion flux  I'D =  0 mv  PD  =  --}-40  mv 
pEq/g,.,z sec  pEq/e~m 
Na  influx  2.774-0.11  (7)  1.474-0.12  (3):~ 
Na  efflux  0.364-0.19  (7)  0.534-0.24  (7) 
K  influx  63.64-2.0  (10)  54.94-3.6  (8)§ 
K  efflux  1.484-1.96  (13)  2.904-5.69  (8) 
Ci  influx  66.44-1.2  (5)  67.24-3.9  (4) 
i10.84-2.0  (6)  112.34-3.3  (3) 
CI effiux  37.54-6.4  (4)  --2.54-6.4  (4)$ 
* Mean,  sF,,  and  number  of measurements in parentheses. 
p  <  0.01. 
§  p  <  0.05. 
predicted  rate  is  at  least  an  order  of magnitude  smaller  than  the  observed 
rate of about 93  ×  10  -9 cm/sec.  This discrepancy suggests that  the transfer 
of approximately isosmotic fluid across the protoplasm of Valonia may involve 
a  coupling between salt and water movements like that in many animal  epi- 
thelia. 
DISCUSSION 
The  most  important  problem  emerging  from  these  results  is  the  large  dis- 
crepancy  between  the  net  ion  fluxes  and  the  I~e. Although  the  combined 
net influxes of Na  and  K  are nearly  as large  as the I~,  the  net influx of C1 
neutralizes  much  of the  positive  charge  carried  by Na  and  K  (Fig.  4  and 
TaMe  II).  Thus  more  than  one-half  of  the  I~  remains  unaccounted  for. 
Many other  ions which  might  undergo  net  transport  are present in  the  sys- 
tem,  however; e.g.,  Ca 2, Mg  12,  SO4 8,  and HCO8 0.2 mEq/liter  (approxi- j.  GUTKNECHT Ion Fluxes and Short-Circuit Current in Valonia  ~83~ 
mate  concentrations).  Movements  of H  and  OH  ions  might  be  important 
also.  The rapid  drop  in I~o with darkness  (Fig.  2)  indicates  that  most of the 
net charge transport  is closely linked to photosynthesis. 
In  normal  Valonia active  extrusion  of Na  and  probably  active  uptake  of 
K  occur at  the  plasmalemma,  and  active  influxes  of both  Na  and  K  occur 
at the tonoplast  (21).  The evidence for these ion pumps is that Na effiux and 
K  influx  at  the  plasmalemma  and  Na  and  K  influx  at  the  tonoplast  occur 
against  rather  large  electrochemical  potential  gradients  under  flux-equilib- 
rium  conditions.  In  short-circuited  Valonia  the  electrochemical  activities of 
protoplasmic  ions cannot  be accurately assessed, because neither  the PO nor 
the  concentrations  were  measured  under  short-circuit  conditions.  The  net 
influxes  of  Na  and  K  in  short-circuited  cells  suggest  active  transports  at 
either  plasmalemma  or  tonoplast,  however.  When  the  vacuole  Po  is  +40 
mv the net influxes of Na and K  at the tonoplast are almost certainly uphill; 
i.e.,  from a  lower to a  higher  electrochemical  potential.  Thus  active influxes 
of both Na and K  at the tonoplast are suggested, which is consistent with the 
results on normal  cells  (21).  The nature  of C1 transport  is uncertain.  In nor- 
mal  Valonia C1 influx from seawater to vacuole appears to be a passive process, 
based on the similarity between measured and predicted flux ratio calculated 
by the Ussing-Teorell equation  (21, 40, 42).  In short-circuited  Valonia, how- 
ever,  the net influx of CI  suggests active  transport  from external  solution  to 
vacuole (Table II). 
Another  complication  in  the  interpretation  of these  results  is  that  active 
transport may occur at the membranes surrounding  intracytoplasmic vesicles 
as  well  as  at  the  outer  or  short-circuited  borders  of the  protoplasm.  It  is 
suggested  by  Steward  and  Sutcliffe  (36,  37)  that  this  process  is  a  possible 
mechanism  of salt  transport  in  Valonia and  other  plant  cells,  and  it  is  dis- 
cussed further  by MacRobbie  (27,  28)  in  relation  to  an  apparent  coupling 
between K  and  C1 uptake into the vacuole of Nitella.  Recent electron micro- 
graphs  of the giant algal  cells Chara (14)  and Chaetornorpha (17)  show numer- 
ous cytoplasmic vesicles adjacent to the tonoplast.  If part of the salt transport 
across the protoplasm  is via these vesicles,  in which  the PD cannot  be short- 
circuited,  then  a  net transport  of both anions  and  cations will occur regard- 
less of which species is actively transported.  If this  process occurs in  Valonia, 
it  might  account  for  the  discrepancy  between  the  apparently  passive  net 
influx  of C1  in  normal  cells  and  the  apparently  active  net  influx  in  short- 
circuited  cells,  and  it would also provide a  mechanism for possible coupling 
of salt and  water fluxes across the protoplast. 
The  origin  of the  membrane  potentials  in  Valonia  is  of interest  because 
Valonia, unlike most other plant cells, has a  positive vacuole potential,  about 
q-17  my  in  normal  cells  and  -t-74  mv  in  cells  perfused  and  bathed  with 
artificial  sap.  The  plasmalemma  PD may be a  diffusion  potential  controlled I832  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  5 °  •  1967 
largely by the movement of K  down its concentration  gradient.  The plasma- 
lemma  in normal  cells is more permeable to K  than  to either Na or C1,  and 
the  K  concentration  gradient  is  more  than  sufficient  to  account  for  the  PD 
of  --71  mv  (Table  I)  (21).  Furthermore,  the  plasmalemma  is  rapidly  de- 
polarized and reverses in sign when ceils are bathed in high K  solutions; i.e., 
natural  or  artificial  sap.  The  immediate  rise  of the  vacuole  PD from  about 
+17 mv to about  +90 mv when cells are immersed in artificial sap (16, foot- 
note 2) can be explained  as a  rapid depolarization  of the plasmalemma with 
no immediate change in the tonoplast PP. 
The tonoplast PD, on the other hand, may be due partly to the electrogenic 
activity of inward  cation  transport.  The concentration  gradients  for Na and 
K  across  the  tonoplast  are  in  the  wrong  direction  to  account  for  the  PD  of 
80--90  mv,  cytoplasm  negative  to  vacuole  (21).  Chloride  diffusion  might 
contribute to the tonoplast PD, but replacement  of vacuolar  C1  with  propio- 
nate or benzene-sulfonate causes the PD to change initially in a  positive direc- 
tion  (footnote 2), which is opposite to the change expected for a  C1 diffusion 
potential.  The rapid  drop in  both the PD and  1,o with  darkness  is consistent 
with the hypothesis of an electrogenic pump. Additional information is needed, 
however,  especially  concerning  the  origin  of  the  short-circuit  current  in 
Valonia. 
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